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. Such data are of particular importance in several respects. First, single opportunistic censuses may yield biased results, if, for instance, one sex is more conspicuous or more likely to flower in a "good" (and therefore more likely censused) flowering episode. Second, reproductive frequency may only be assessed by examining multiple reproductive episodes. Third, censuses of multiple reproductive bouts may be used to calculate cumulative sex ratios, which may be better estimates of secondary (adult) and possibly of primary (seedling) sex ratios.
While dioecy is generally well represented among tropical trees (Bawa 1980 (Yap 1976 (Yap , 1982 , sex expression in dioecious tree species has been little examined in Southeast Asian forests.
In this study we describe the flowering pattern among five species of dioecious trees in a rain forest in peninsular Malaysia during two successive annual flowering episodes. We make use of a large-scale forest plot in which all trees > 1 cm in diameter were located and identified, thus ensuring a complete enumeration of each species within specified subplots. Our census of 2612 individuals in 2 yr allows us to address the following questions: (1) Is sex expression fixed in these species? (2) Do flowering sex ratios deviate from 1: 1? The primary rain forest is classified as "MerantiKeruing" and "Red Meranti" of the South-Central subtype (after Wyatt-Smith 1987), based on the identity of the more conspicuous emergent species in the family Dipterocarpaceae. Typical of Malaysian forest, Euphorbiaceae comprises the greatest number of understory tree and shrub species, and also the most stems over 1 cm dbh (Kochummen et al. 1991 Study plots were located within the 50-ha LargeScale Permanent Plot at Pasoh Forest Reserve. This plot is a rectangle measuring 1000 by 500 m, divided into 20-m quadrats by theodolite survey. Every freestanding woody stem > 1 cm diameter has been tagged, measured, identified, and mapped (Manokaran et al. 1990 ). Stem diameter has been measured 1.3 m above the ground with a 99% repeatability of ? 2 mm. Quality control tests indicated that errors of omission were restricted to trees of the smallest class (1 cm dbh) and amounted to no more than 1 in 500.
Prior to reproductive censuses, study areas within the 50-ha plot were chosen to include representative samples of each species. In most cases the species are quite evenly distributed across the 50-ha plot, so arbitrary subplots were chosen. The Aporusa sp. ined. population is largely restricted to a small hill in the middle of the plot, and for this species our study population encompasses most of the plot population. We examined all trees of a particular species within a defined region, confirmed identifications, and determined the sex of each flowering individual. In the case of large individuals (> 3 cm) of the cauliflorous species B. parvijlora, we also noted the location of thickened woody knobs on which flowers are borne. For Aporusa sp. ined. the sample area was 4 ha; for A. microstachya, and B. parvijlora, 8 ha (two nonadjacent 4-ha subplots); and for A. symplocoides, 25 ha. Two largely nonoverlapping plots were censused for Baccaurea racemosa: in 1989 individuals >4 cm dbh were recorded in 25 ha; in 1990 individuals > 1 cm dbh were recorded in 6.14 ha. Analyses based on repeat observations are therefore not possible for this species.
Available phenological evidence suggests that the species studied here all flower annually and in tight 
RESULTS

Constancy of sex expression
No individuals of any species changed sex between the two years of observation. Although the observation interval in the study is small relative to the likely lifespan of the trees, the relatively large sample sizes involved add weight to our inference that these species do not change sex. In the case of Baccaurea parviJlora constancy of sex expression is also indicated by a dramatic sexual dimorphism in vegetative morphology. Female trees bear flowers on a swollen woody bulge at the base of the trunk, whereas male trees bear flower stalks from thickened woody ridges all along the trunk to a height of >2 m (see Whitmore 1973 , Yap 1976 ). All flowering trees > 3 cm dbh could be correctly sexed on the basis of these chacteristics, and no trees were found with both types of trunk morphology. Since the remarkable extrusive growths form by nonreversable secondary stem thickening, we infer that sexual expression must be a fixed condition for B. parviflora, at least in later stages of development.
Flowering and cumulative sex ratios
The number of flowering male plants exceeded the number of flowering female plants in all five species and in both seasons (Table 1 ). In the four species for which calculations were possible, cumulative sex ratios ranged from 1.216 to 2.406, and significantly differed from unity in Aporusa microstachya, A. sp. ined., and Baccaurea parviflora. Among-species differences in cumulative sex ratios were also statistically significant (G test for homogeneity, P < .05). In A. microstachya and B. parviJlora we also noted some males < 1 cm dbh flowering, so the degree of male bias may be slightly underestimated for these two species. Cumulative sex ratios were generally intermediate in value between the flowering sex ratios for both years, though closer to the lower (less male biased) value. Flowering sex ratios for each species differed between years by 23-43% (of the larger value). Between-year differences were statistically significant only in Aporusa microstachya and Baccaurea parviJlora (G test for homogeneity, P < .05). In these two species, a higher degree of male bias occurred in the year with a lower overall rate of reproduction (i.e., smaller total number of trees flowering in that year: see Table 1 ).
Size distributions of male vs. female trees
Size distributions of male and females trees broadly overlapped in all the species investigated (Fig. 1) . In A. microstachya and A. sp. ined. male trees were proportionately more common among the smallest and largest size classes. The plot of male/female ratio with respect to size is consequently V-shaped in these species. This pattern is present, though much less pronounced (and not statistically significant), in A. symplocoides. In B. parviflora males were proportionately greatly in excess in the smaller size classes, though not in the largest size class. In B. racemosa, the proportions of males and females were nearly equal across all size classes.
Relative size variation was greater among males than among females in A. microstachya, A. sp. ined., and B. parviflora (Table 2) , these being the species in which there is a marked over-representation of males in the tails of the size distribution. Results of the Kolmogorov-Smirnov two-sample test (Table 2) 
Flowering frequency as related to sex and stem diameter
Only two reproductive events were sampled. We therefore assessed reproductive frequency in terms of the probability of individuals flowering in both years vs. flowering in a single year. Repeat-flowering was highly size dependent in all three species of Aporusa (Table 3) . Large individuals of both sexes flowered in both years far more commonly than did small individuals. In contrast, small Baccaurea parviflora indiSample sizes are indicated above each column. The values above each set of bars give size category specific flowering sex ratios and significance of associated G tests (*P < .05; **P < .01; ***P < .001). Data are for cumulative (2 yr) sex determinations, except in the case of Baccaurea racemosa, where the data are for population 1 (1989: trees > 4 cm dbh).
TABLE 2. Comparisons of relative size variation by sex, using the coefficient of variation (cv) and Gini coefficient (G).
Pairwise tests for intersex differences are based on bootstrapped distributions of 500 iterations (Dixon et al. 1987 
DISCUSSION
Flowering sex ratios were significantly male biased during at least one flowering episode in three of the five species studied. Additionally, all of the species in each season showed an overall tendency toward male bias. For comparative purposes, we have assembled flowering sex ratio data from previous studies of dioecious tropical trees in Central America, Amazonia, Australia, and Malaysia (Fig. 2) . It has previously been emphasized that sex ratios among tropical trees vary widely (e.g., Opler and Bawa 1978). While observed sex ratios do span almost the entire logically possible TABLE 3. Frequency with which trees flowers in both 1989 and 1990, expressed as the proportion of the total number of trees that flowered in either year (N). Significance levels for tests of intersex differences within each size category, and for heterogeneity between sexes and across size classes, are indicated by asterisks (G tests: * P < .05; ** P < .01; *** P < .001; NS P > .05). Why are male-biased flowering sex ratios disproportionately common among rain forest trees? Our data and previous work suggest the importance of two proximate factors: male trees flower more frequently than do females, and male trees flower at a smaller size than do females. In two of the four repeatedly censused species males were significantly more likely to flower in both years than were females. Although only two flowering episodes were censused, the observed intersex differences were large (Table 3) . Previous studies of three neotropical dioecious tree species have also documented higher reproductive frequencies in males than females [Bullock 1982 In two of the five species studied, males were disproportionately represented among both small and large size classes, supporting the idea that males begin flowering at a smaller size, but also grow to reach a larger size, than do females (Fig. 1) In several previous studies examining intersex differences in reproductive frequency in dioecious tropical trees, flowering sex ratios were found to be highly variable, though most often male biased, while cumulative sex ratios did not deviate significantly from 1: 1 (Bullock and Bawa al. 1983). However, a significant male bias in a (6-yr) cumulative sex ratio was found in a primary forest population of the cycad Zamia skinneri (Clark and Clark 1987) . In this case male bias was thought to be related to the small proportion of adult-sized plants reproducing: a secondary forest population in which a larger proportion of adult-sized individuals were sexed was not male biased. In the present study a significant degree of male bias in 2-yr cumulative sex ratios was found in three of four species examined (Table 1 ). In at least one species this apparently represents a true bias in the adult (secondary) sex ratio. In Baccaurea parviflora, 54% (397/731) of the total population was male. Even if all nonflowering individuals are assumed to be female, the secondary sex ratio still deviates significantly from 1:1 (P < .05: G test). While secondary sex ratios are of interest in some respects, the genetic and demographic consequences of skewed sex ratios are a function of the population that actually reproduces. In the simplest case of nonoverlapping generations, Lande and Barrowclough (1987) present a formula for effective population size in which the "effective number of males" and "effective number of females" are calculated as a function of the mean and variance in lifetime reproductive output within each sex. If most reproduction takes place infrequently in good flowering years, then the flowering sex ratios observed in these years may be of greatest relevance in such calculations. The general problem of effective population size in populations with overlapping generations and temporally varying sex ratios has not been treated (R. Lande, personal communication). Beyond inbreeding effects, skewed sex ratios may have important consequences that are strictly demographic. Chance mortality of a male tree will affect the probability of local population extinction only to the extent that female reproduction is pollen limited. In contrast, mortality of a female tree has a more direct and inevitable effect on the population's future demographic potential. Male-biased sex ratios in dioecious tropical trees are of particular concern in this regard. From a conservation perspective such demographic effects may be of greater relevance than genetic effects, and have received much less attention, theoretically or empirically.
G tests for
Although overall flowering sex ratios were numerically male biased in every case, there were also significant differences among the species studied here. Part of this variation may be accounted for as a function of tree species stature. Intersex differences in the energy costs of reproduction have often been held responsible for sexual dimorphism in reproductive frequency and size dependence, and these differences appear to generally result in male-biased sex ratios. If so, we should expect male-biased sex ratios and associated patterns of sexual dimorphism to be more pronounced among species that inhabit strongly energy-limited environments. Tropical rainforests, like all closed-canopy systems, are characterized by a strong vertical gradient in light availability (see Aoki et al. 1975 for Pasoh Forest). In the present study, the two smallest species in each genus are Aporusa microstachya and Baccaurea parviflora. These species showed the largest degree of sexual dimorphism in flowering frequency (Table 3) , and both also exhibited a strong prevalence of male trees in small size categories. Concomitantly, these species were those for which larger intersex differences in size variability were found. Overall, these species also exhibited the greatest degree of male bias in both flowering and cumulative sex ratios (Table 1) . A similar pattern is apparent in a previous comparative study in Costa Rica by Opler and Bawa (1978) . Of the seven species for which size data are presented, the two smallest statured species (Randia spinosa and R. subcordata) have the greatest degree of male bias, and also show the most pronounced intersex differences in population size structure. Thus there is suggestive evidence for a general trend between species' stature and flowering sex ratios among rain forest trees. Data from additional species are required and problems resolved in the quantification of species "size" (e.g., given skewed diameter at breast height distributions of unequal sample size) in order to more rigorously test this hypothesis.
While species stature may explain some of the variation observed in sex ratios of tropical trees, other factors are clearly also important. Proximate determinants of secondary sex ratios in dioecious plants may include genetic effects of primary sex determination, gametic selection, and apomixis, as well as ecologically determined differences between the sexes in mortality, growth, maturation, and reproductive periodicity (e.g., Opler and Bawa 1978) . The observed variability of sex ratios in tropical trees is a product of changes in these factors resulting from population genetic forces (selection, drift, etc.), with constraints imposed by physiology and phylogeny. Further comparative studies of dioecious species might be usefully aimed at teasing apart those population attributes that are general to all dioecious plants from those that are characteristic of higher taxa such as families and genera, and those that reflect habitat-or species-specific traits.
